DISPLAY DEVICE 

BACKGROUND OF THE INVENTION 



Field of the Invention: 

5 The invention relates to a display device, particularly to a display device having a DA 

converter for converting a digital image signal to an analog image signal 
Description of the Related Art 

There has been a great demand on the market for portable display devices such as a 
portable TV and a portable telephone. All these devices need a small, lightweight and low 
10 power consumption display device, and development efforts have been made accordingly. 

Fig. 10 is a circuit diagram of a pixel of a conventional liquid crystal display device. A 
gate signal line 51 and a drain signal line 61 are formed on an insulating substrate (not shown), 
crossing each other. In a peripheral of the crossing, a pixel selecting thin film transistor 72 is 
provided, being connected to both the signal lines 51 and 61. Hereinafter, a thin film transistor 
15 is referred to as "TFT". A source 1 Is of the pixel selecting TFT 72 is connected to a display 
electrode 80 of a liquid crystal 21. 

A storage capacitor 85 for retaining a voltage of the display electrode 80 for one field 
period is provided. One terminal 86 of the storage capacitor 85 is connected to the source lis 
of the pixel selecting TFT 72, and another terminal 87 is applied with an electric potential 
20 common to all the pixels. 

Here, when a scanning signal (high level) is applied to the gate signal line 51, the pixel 
selecting TFT 72 turns on, and an analog image signal is transferred to the display electrode 80 
from the drain signal line 61 and retained in the storage capacitor 85. The image signal voltage 
applied to the display electrode 80 is applied to the liquid crystal 21 . The liquid crystal 21 
25 aligns itself in response to the voltage, resulting in a liquid crystal display. Accordingly, a 
liquid crystal display of either a motion picture or a still picture is obtained. 

The analog image signal inputted to the drain signal line 61 is obtained by converting an 
inputted digital image signal to an analog image signal by a DA (digital-to-analog) converter. 



Conventionally, in a liquid crystal display device which is integrated with the DA converter in a 
display panel, the DA converter is placed adjacent a driver circuit in a peripheral of the pixel. 

In the conventional liquid crystal display device, since the DA converter is placed 
adjacent the driver circuit, peripheral circuits of the pixel are complicated, providing a problem 
5 of increasing a frame area of the display panel. Particularly, when a gray-scale voltage is 

inputted from an outside, the number of the terminals increases by the number of the gray-scale 
signals. 

Furthermore, since the analog data converted by the DA converter is written in the pixel 
through the pixel selecting TFT 72, a voltage of a sum of the maximum amplitude voltage and 
10 Vth, or higher needs to be supplied as a scanning signal. Here, Vth is a threshold voltage of the 
pixel selecting TFT 72. Therefore, it is difficult to lower the voltage and the power 
consumption of the liquid crystal display device. 

SUMMARY OF THE INVENTION 
The invention provides a display device having a plurality of pixels. Each of the pixels 
15 includes a serial-to-parallel converter converting a serial digital image signal supplied serially to 
the display device to a parallel digital image signal, a DA converter converting the parallel digital 
image signal to an analog image signal, and a pixel electrode configured to receive the analog 
image signal. 

The invention also provides another display device that includes a drain signal line 
20 configured to receive a serial digital image signal serially supplied to the display device, a 

plurality of pixel selecting transistors connected to the drain signal line and selecting a pixel of 
the display device, and a plurality of shift registers. Each of the shit registers supplies a 
sampling pulse to a gate of the corresponding pixel selecting transistor for sampling the serial 
digital image signal at a predetermined timing to produce a parallel digital image signal. The 
25 display device also includes a data retaining portion retaining the parallel digital image signal 
converted from the serial digital image signal, a pixel electrode of the pixel, a plurality of 
capacitor electrodes coupled with the pixel electrode, and a clock supplying portion supplying a 
periodic clock signal to the capacitor electrodes in response to the parallel digital image signal 



retained in the data retaining portion. Each of the capacitance electrodes has a weighted 
capacitance ratio to couple with the pixel electrode. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a circuit block diagram of a liquid crystal display device according to a first 
5 embodiment of the invention. 

Fig. 2 is a circuit diagram of a shift register of Fig. 1. 

Fig. 3 is a timing chart of an operation of the liquid crystal display device of Fig. 1. 
Fig. 4 is another timing chart of the operation of the liquid crystal display device of Fig. 

1. 

10 Fig. 5 is a timing chart of another operation of the liquid crystal display device of Fig. 1. 

Fig. 6 is a circuit block diagram of a liquid crystal display device according to a second 

embodiment of the invention. 

Fig. 7 is a cross-sectional view of a device configuration of a reflective liquid crystal 

display device used in the first embodiment. 

15 Fig. 8 is a cross-sectional view of a device configuration of another reflective liquid 

crystal display device used in the first embodiment. 

Fig. 9 is a circuit block diagram of an electroluminescent display device according to a 

third embodiment of the invention. 

Fig. 10 is a circuit block diagram of a conventional liquid crystal display device. 

20 DETAILED DESCRIPTION OF THE INVENTION 

Next, a display device according to a first embodiment of the invention will be described 

with reference to Figs. 1-5. Fig. 1 is a circuit diagram of the liquid crystal display device of the 

first embodiment. Although only a single pixel is shown in the figure for simplification, a 

plurality of the pixels is arranged in a matrix in the display device. 

25 A digital image signal is serially transferred from a drain driver (not shown) and supplied 

to a drain signal line 2 through a transmission gate 1 . Control clocks CP and *CP (*CP is an 

inverted clock of CP) control turning on and off of the transmission gate 1 . 

Drains of pixel selecting transistors GTO to GT3 are commonly connected to a drain 
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signal line 2. Sampling pulses SPO to SP3 for sampling a digital image signal at a 
predetermined timing are severally supplied to each gates of the pixel selecting transistors GTO to 
GT3. 

These sampling pulses SPO to SP3 are generated by shift registers SR. As shown in Fig. 
5 2, the shift register SR includes clocked inverters 1 1 1 and 112 which are applied with shift 
clocks CLK and *CLK (*CLK is an inverted clock of CLK) and an inverter 113. The shift 
registers SR sequentially shift an input clock AP in response to the shift clocks CLK and *CLK, 
thereby providing the sampling pulses SPO to SP3 from each stages of the shift registers SR. 

Sources of the pixel selecting transistors GTO to GT3 are connected to capacitors CSO to 
10 CS3 for retaining each bit data of a digital image signal written in through the pixel selecting 
transistors GTO to GT3. 

The bit data retained in the capacitors CSO to CS3 are severally supplied to gates of clock 
supplying transistors STO to ST3 which are provided at the next stage. Sources of the clock 
supplying transistors STO to ST3 are supplied with pixel signals (periodic clocks). Drains of the 
15 clock supplying transistors STO to ST3 are connected to capacitor electrodes 41, 42, 43, and 44, 
which are coupled to the pixel electrode 1 9 through capacitance coupling. 

Therefore, capacitors CO, CI, C2, and C3 are formed between the pixel electrode 19 and 
the capacitor electrodes 41, 42, 43, and 44. A liquid crystal 21 is filled between the pixel 
electrode 19 and a common electrode 32. 
20 The clock supplying transistors STO to ST3 turn on or off in response to each bit data of 

the digital image signal, which are supplied from the drain signal line 2 and retained at the 
capacitors CSO to CS3 through the pixel selecting transistors GTO to GT3. For example, when 
the clock supplying transistor STO turns on, a pixel signal is applied to the capacitor electrode 41 
through the clock supplying transistor STO. Accordingly, a voltage change AV occurs at the 
25 pixel electrode 19 in response to a voltage amplitude Vp.p of the clock and a capacitance value 
CO. 

AV = CO- Vp.p / (CLC+CO) (1) 
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Here, CLC is a value of capacitor between the pixel electrode 19 and the common 
electrode 32. Therefore, by assigning weights to the capacitors CO, CI, C2, and C3, 
corresponding to each bits of the digital image signals, a voltage of the corresponding analog 
image signal converted from the digital image signal is supplied to the pixel electrode 19. 
5 The above AV can be generally presented in a following equation: 

A V = SC • Vp.p / (CLC+EC) (2) 

SC = nO • CO+nl • CI +n2 • C2+n3 • C3 (3) 

10 Here, nO, nl, n2, and n3 are digital image signal data, and each of those is severally "1" or 

"0". Here, the areas of the electrodes or the distances between the electrodes are set to satisfy, 
for example, CI = 2C0, C2 = 2 2 C0, and C3 = 2 3 C0 in each coupling capacitors, weighting the 
capacitance values. 

The pixel electrode 19 is provided with a reset transistor RT for supplying a reset signal. 
15 This makes it possible to perform an inverting driving method in which an inverted voltage is 
alternately applied to the liquid crystal 21, as described later. 

Next, operation of the liquid crystal display device having the above described 
configuration will be described with reference to the drawings. 

Figs. 3 and 4 are timing charts of the liquid crystal display device. The operation of 
20 serial-to-parallel conversion will be described with reference to Fig. 3 first. When the control 
clock CP turns to a high level, the transmission gate 1 turns on so that digital image signal data is 
transmitted through the transmission gate 1 and supplied to the drain signal line 2 as serial data in 
time series. Each bit data of the digital image signal are sampled by the sampling pulses SPO to 
SP3, converted to parallel data through the pixel selecting transistors GTO to GT3, and retained 
25 at the capacitors CSO to CS3. In Fig. 3, the digital image signal data of four bits (1, 0, 1, 0) are 
retained. 

Next, the operation of AD conversion after the conversion to the parallel data will be 
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described . The pixel signal is a signal which is supplied to the capacitor electrodes 41 to 44 
through the transistors STO to ST3, alternating between OV and 3V at a predetermined period. 
A reset control signal is a signal which is supplied to the gate of the reset transistor RT. The 
reset control signal is a pulse signal which turns to a high level immediately before the pixel 
5 signal is inverted. The common electrode 32 is fixed at a DC level of, for example, 3V. 

Suppose that serial data of a digital image signal supplied to the drain signal line 2 is 
converted to, for example, four-bit parallel data (1, 0, 0, 0) by the described operation of the 
serial-to-parallel conversion. Then, among the capacitors CSO to CS3, to which each data is 
supplied through the pixel selecting transistors GTO to GT3, CSO supplied with data of "1" is 

10 charged, and the CS1 to CS3 are discharged so that data (1, 0, 0, 0) are retained therein. 

Accordingly, the clock supplying transistor STO turns on and the clock supplying transistors ST1 
to ST3 turn off, so that a pixel signal is applied to the capacitor electrode 41 through the clock 
supplying transistor STO. 

When a voltage of the pixel signal changes from 0V to 3 V, since the capacitor electrode 

15 41 is coupled to the pixel electrode 19 through capacitance coupling, a voltage of the pixel 

electrode 19 rises from 3 V, which is the same potential as that of the common electrode 32, by 
AV0, which is a potential corresponding to a capacitance of the capacitor electrode 41 and the 
pixel electrode 19. Similarly, if other bit of the four bit data is inputted, the clock supplying 
transistors STO to ST3 turn on or off in response to "1" or "0" of the bit so that the potential of 

20 the pixel electrode 19 changes to a potential corresponding to the four-bit data of the digital 

image signal. The four-bit data of the digital image signal are retained in the capacitors CSO to 
CS3. When the electric charge retained in the capacitors CSO to CS3 is discharged by leakage 
at the transistors and so on and the charge becomes lower than a threshold value of the transistors 
STO to ST3, the data are vanished. Therefore, the data need to be refreshed before it is 

25 vanished. 

By retaining the data in a data retaining portion having the capacitors CSO to CS3 as 

described above, a frame rate can be lowered to a minimum frequency required for refreshing the 

data at the data retaining portion, thereby reducing power consumption of the display device. 
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Furthermore, since the DA converter is not provided in the periphery of the driver circuit but 
integrated in a pixel by capacitance coupling, the frame of the display device is narrower than the 
that of the conventional display device. 

Next, when the reset signal turns to a high level, the reset transistor RT turns on, resetting 
5 the voltage of the pixel electrode 19 to a potential equal to the potential of the common electrode 
32, i.e., 3V. After the reset signal returns to a low level, the voltage of the pixel signal changes 
from 3 V to OV. Accordingly, the voltage of the pixel electrode 19 is reduced from 3 V by AVO 
by capacitance coupling. The pixel electrode 19 changes its voltage, inverting the voltage 
around the voltage of the common electrode 32, thereby enabling the driving of the display 

10 device without degrading the liquid crystal 21 . 

The cycle of refreshing the data at the data retaining portion can be independent of the 
cycle of inverting the pixel signal voltage, without any synchronization. For more reduction of 
the power consumption, it is preferable to set each of the cycles at the longest as long as the 
cycles severally satisfy necessity of refreshing the data at the data retaining portion and necessity 

15 of inverting the pixel signal for preventing degrading of the liquid crystal. However, if the 
circuit is driven by refreshing the data, a noise can be generated in a picture by a parasitic 
capacitance between wiring lines in the circuits. Therefore, it is most preferable to synchronize 
the cycles and to set each of the cycles as long as possible. 

Fig. 5 is another timing chart of the liquid crystal display device. This figure also shows 

20 the timing of operating the AD conversion after conversion to parallel data. In this case, the 
common electrode 32 is AC-driven. The pixel signal is obtained by dividing frequencies of a 
standard clock and delaying those, and has voltage amplitudes of OV and 3 V. There is a. 
difference in phase between common signal supplied to the common electrode 32 and the pixel 
signal. 

25 The reset transistor RT resets the voltage of the pixel electrode 1 9 at a level of a reset 

signal #1 or a reset signal #2 in response to a reset control signal. In the figure, the reset signal 
#1 is selected. The reset signal #1 is a signal which changes before the changing of the 
common signal and immediately before or simultaneously with turning high of the reset control 



signal Here, the common electrode is at OV, and when the reset control signal turns to a high 
level, the pixel electrode is reset at 2V. 

Then, when the reset signal returns to a low level and the pixel signal is inverted to OV, 
the electric potential of the pixel electrode 19 is reduced from 2 V by AV by capacitance coupling 
5 between the capacitor electrodes 41 to 44 and the pixel electrode. As apparent from this timing 
chart, the pixel electrode 19 is driven to alternately invert its voltage with the voltage of the 
common electrode 32 as a standard. 

Next, a display device according to a second embodiment of the invention will be 
described with reference to Fig. 6. Fig. 6 is a circuit diagram of the display device of the second 

10 embodiment. Although this figure shows a single pixel for simplification, a plurality of the 
pixels is arranged in a matrix in the display device. The same reference numerals as those of 
Fig. 1 are given to the same elements as those of Fig. 1, which are already described in the first 
embodiment, and the descriptions thereof are omitted here. 

In this embodiment, static memory circuits 5 to 8 are provided, replacing the capacitors 

15 CSO to CS3 for retaining the data provided in the first embodiment. This is a difference 

between the embodiments. The static memory circuits 5 to 8 each include two inverter circuits 
with positive feedback. Although it is necessary to refresh the data for retaining the data in the 
first embodiment, in this embodiment the data is retained by the static memory circuit without 
refreshing operation. Furthermore, for displaying a still picture, the data retained in the data 

20 retaining portion can be displayed as a still picture while stopping external circuits and each 
driver circuit. This makes it possible to lower the power consumption, comparing to the first 
embodiment. However, the number of elements increases and circuits are more complicated so 
that a larger area is required, comparing to the first embodiment. The operation of this display 
device is the same as that of the first embodiment, so that the description is omitted here. 

25 Next, an example of applying the embodiments to a reflective liquid crystal display 

device will be described. A device configuration of the reflective liquid crystal display device 

will be described with reference to Fig. 7. 

As shown in Fig. 7, a semiconductor layer 1 1 made of polycrystalline silicon is formed 
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like an island on one insulating substrate 10, and a gate insulating film 12 is formed on the 
semiconductor layer 1 1 and the insulating substrate 10. A gate electrode 13 is formed above the 
semiconductor layer 1 1 with the gate insulating film 12 interposed therebetween. A source lis 
and a drain 1 Id are formed in the semiconductor layer 1 1 at both sides of the gate electrode 13. 
5 The TFT having such a configuration is used for the pixel selecting transistors GTO to GT3 or the 
reset transistor RT. The configuration shown in this figure is for the reset transistor RT. 

An interlayer insulating film 14 is laminated on the gate electrode 13 and the gate 
insulating film 12. A contact hole 15 is formed in a position corresponding to the drain 1 Id, 
and the drain 1 Id is connected to a drain electrode 16 through the contact hole 15. The source 

10 1 1 s is connected to the pixel electrode 1 9 through the contact hole 1 8 provided in the interlayer 
insulating film 14 and a planarization insulating film 17 provided on the interlayer insulating film 
14. The capacitor electrodes 41, 42, and 43 made of Al (aluminum) are formed on the interlayer 
insulating film 14, away from the TFT. The capacitor electrodes 41, 42, and 43 are coupled to 
the pixel electrode 19 through capacitance coupling, thereby forming the capacitors CI, C2, and 

15 C3. 

The pixel electrode 19 formed on the planarization insulating film 17 is made of a 
reflective material such as Al. An alignment film 20, which aligns the liquid crystal 21 and is 
made of polyimide, is formed on the pixel electrode 19 and the planarization insulating film 17. 

A color filter which provides each colors of red (R), green (G) and blue (B), the common 
20 electrode 32 formed of a transparent conductive film made of, for example, ITO (indium tin 
oxide), and an alignment film 33, which aligns the liquid crystal 21, are formed on another 
insulating substrate 30 in this order. The color filter is unnecessary if a color picture is not to be 
displayed. 

The pair of the insulating substrates 10 and 30 thus formed is attached at its periphery 

25 with an adhesive sealing material. A space formed by the attached substrates is filled with the 

liquid crystal 21, completing the reflective liquid crystal display device. 

Fig. 8 shows another device configuration of the reflective liquid crystal display device 

for the embodiments described above. In this configuration, the pixel electrode 19 is connected 
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to an electrode 19A provided on the inter layer insulating film 14 through a contact hole 18A 
provided in the planarization insulating film 1 7. The capacitor electrodes 4 1 , 42, and 43 are 
formed on the gate insulating film 12. Accordingly, the capacitor electrodes 41 , 42, and 43 are 
coupled to the pixel electrode 19 through the electrode 19A. 
5 Next, a display device according to a third embodiment of the invention will be described 

with reference to Fig. 9. Fig. 9 is a circuit diagram of the display device of the third 
embodiment. Although this figure shows a single pixel for simplification, the display device 
has a plurality of the pixels arranged in a matrix. The same reference numerals as those of Fig. 
1 are given to the same elements as those of Fig. 1, which are described in the first embodiment, 

10 and the descriptions thereof are omitted here. 

The display device of the third embodiment is an electroluminescent display device. 
This embodiment is the same as the first and second embodiments in that a floating electrode 45 
and a plurality of the capacitor electrodes 41 to 44 provided for the respective pixels are coupled 
to each other through capacitance coupling so that an electric potential of the floating electrode 

15 45 changes. In this third embodiment, an EL driving transistor 46, a constant-current source 47, 
and an EL element 48 are provided in the display device. The EL element 48 is a light-emitting 
element emitting a light at luminance corresponding to the amount of an electric current flowing 
through the EL element 48. In this embodiment, the floating electrode 45 is connected to a gate 
of the EL driving transistor 46. In the EL driving transistor, a threshold is set so that electrical 

20 conductivity changes in response to the potential of the floating electrode 45. The electric 
current corresponding to the electric potential of the floating electrode 45 is supplied from the 
constant-current source 47 to the EL element 48, and the EL element 48 emits a light at 
luminance corresponding to the current. This embodiment can be easily applied to a 
current-driven display device by replacing the EL element 48 by other light-emitting elements 

25 such as an LED. 

In the display devices of the above embodiments, a DA converter for converting a digital 

image signal to an analog image signal is provided in a pixel, thereby simplifying a configuration 

of peripheral circuits of the pixel and reducing the frame area accordingly. Furthermore, the 
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digital image signal data are serially transferred to each of the pixels from the outside, converted 
from serial signal data to parallel signal data, and then converted from digital signal data to 
analog signal data. Therefore, comparing to parallel transfer of the digital image signal data, the 
number of wirings used for data transfer and the area for wiring lines in each of the pixels can be 
reduced, thereby providing a high-definition display device displaying a multiple gray-scale 
image. 
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